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DESCRIPTION - INDEPENDENT CLAIMS are included for the following: 

(1) Objective lens; and 

(2) Optical pick-up device. 

USE - For producing high-aperture-number (NA) objective lens for use 
in optical 

pick-up device (claimed) . 

ADVANTAGE - Enables manufacture of high-aperture-number (NA) 

objective lens 

easily and inexpensively. 

DESCRIPTION OF DRAWING (S) - The figure shows the production process 
of optical 

element. (Drawing includes non-English language text). 
Transparent quartz glass substrate (3) 
Photoresists (4,5) 
CHOSEN -DRAWING : Dwg.2/13 
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CLAIM + DETAILED DESCRIPTION 



[Ciaim(s)] 

[Claim 1]A process of forming lens shape by irradiating with a predetermined light to photoresist 
applied on a transparent base. An optical eiement manufacturing method producing an optical 
element by which a lens was formed in both sides of the aforementioned transparent base by 
performing a process of transferring the lens shape concerned to the aforementioned transparent 
base by dry etching, to the upper surface of the aforementioned transparent base, and both sides at 
the bottom 

[Claim 2]The optical element manufacturing method according to claim 1 exposing the negative type 
photoresist concerned by light irradiating which has predetermined luminous energy distribution from 
a field of the opposite side of a field which applied negative type photoresist to the aforementioned 
transparent base, and applied the aforementioned negative type photoresist, and forming a lens. 
[Claim 3]The optical element manufacturing method according to claim 1 or 2 forming concave lens 
shape in both sides of the aforementioned transparent base, being filled up with material of a 
refractive index which is different from a refractive index of the aforementioned transparent base 
into the concave iens shape portion concerned, and forming a lens. 

[Claim 4]The optical element manufacturing method according to claim 1. 2, or 3 irradiating with the 
aforementioned predetermined light so that two or more lens shape may be formed on the 
aforementioned transparent base. 

[Claim 5]An optical eiement producing by an optical element manufacturing method of any one 
description of the aforementioned Claims 1-4. 

[Claim 6]The optical eiement according to claim 5 making the aforementioned transparent base into 
a slide block. 

[Claim 7]The optical element according to claim 5 or 6 installing an optical eiement produced 
separately. 

[Claim 8]The optica! eiement according to claim 7, wherein an optical element which installed 
[ aforementioned ] is a micro prism. 

[Claim 9]The optical element according to claim 7, wherein an optical element which installed 
[ aforementioned ] is 1/4 wavelength plate. 

[Claim 10]An optical element of any one description of the Claims 5-9 forming a thin film coil in a 
field of the aforementioned transparent base. 

[Claim 1 1]An optical pickup device having applied an optical element of any one description of the 
aforementioned Claims 5-10 to an optical pickup device, and making a gap of a field by the side of a 
pickup of the aforementioned optical element, and a recording layer of an information recording 
medium or less [ of light source wavelength ] into 1/4. 



[Detailed Description of the Invention] 
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[0001] 

[Field of the Invention]This invention relates to the optica! element manufacturing method, optica! 
element, and optical pickup device which are especially used to an optical recording medium about 
an optical element manufacturing method, an optical element, and an optical pickup device. 
[0002] 

[Description of the Prior Art] In recent years, high recording density-ization of the optical disc is 
demanded and the method using the solid emersion lens and the high NA lens (high numerical 
aperture lens) as one of methods is proposed. 

[0003jlt was possible to have enlarged NA (numerical aperture) of an objective and to have made 
the spot diameter of a laser beam small by having 2 group objective composition which comprises a 
conventional optical pickup device with two lenses. High recording density-ization of an optical disc 
is attained by using such a lens. 

[0004]For example, JP, 2000-1 1388.A "light information recording and reproducing device and light 
information recording and reproducing systems", JP,H11-144293,A "optical head and optical 
recorder", [ the technology indicated by JP.H1 1-045455, A "manufacturing method of the optical 
element for optical pickups, and the optical element for optical pickups, and optica! pickup" ] An 
objective is constituted from two lenses, NA of an objective is enlarged by this, and high recording 
density-ization of the optical disc is enabled. 

[OOOSJ Drawing 1 1 , drawing 12 , and drawing 1 3 are an objective of the conventional 2 lens 
constitution currently indicated by the gazette mentioned above, and a block diagram of the 
peripheral part. In a figure, the codes 101, 111, and 121 are the 1st lens, and 102, 112, and 122 show 
the 2nd lens. As for the codes 103 and 1 13, an actuator, and 1 14 and 124 are slide blocks an optical 
disc, and 1 04 and 105. 

[0006]In the objective of drawing 1 1 , the objective was constituted from the 1st independent lens 
101 and 2nd lens 102, and high NA is realized. In the objective of drawing 12 , it has composition 
which carries the 1st lens 111 and 2nd lens 1 12 in the slide block 1 14. It has the composition that 
the 1st lens 121 and 2nd lens were built with the objective of drawin g 13 by the slide block 124. It 
makes it possible to arrange near the pole of an optica! disc by making it rise to surface on the 
optical disc which the objective shown in drawing 12 and the objective shown in drawing 13 realize 
the quantity NA. respectively, and rotates at high speed. 
[0007] 

[Problem to be solved by the inventionjHowever. there were the following problems in a Prior art. 
like the technology indicated by JP, 2000-1 1388.A, there was a problem that it was very difficult to 
secure the accuracy of position of two lenses, with the composition which drives two lenses with an 
actuator, respectively, 

[OOOSjln aiming at. a densification and using the lens 102 (refer to drawing 1 1 ) by the side of the 
optical disc 103 as a solid emersion lens, This lens 102 must be approached near the pole (below 
the wavelength of a light source) of the optica! disc 103, and the composition of carrying a lens in a 
slide block is used as that means. However, in the composition of JP, 2000-1 1388A, since there is 
the actuator 105, it becomes heavy, and there is also a problem that it is difficult to earn,' in a slide 
block. 

[0009]A!though the solid emersion lens and the objective are carried in the slide block and the 
weight saving is attained in the technology indicated by JP,1 1~144293,A, Since it is difficult to 
perform alignment of lenses with high precision since it formed independently, respectively and has 
combined when producing and it assembled one at a time, there was a problem that mass production 
nature led to cost rising very bad. 

[0010]ln the technology indicated by JP,1 1~045455,A, since two lenses are built to the same 
substrate, and alignment of lenses is performed with high precision and it can carry out by a wafer 
process, two or more lenses are simultaneously producible. However, at the process of forming lens 
shape, the modification of photoresist by heat, the modification of photoresist by a pressure, or the 
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exposing method by a diffusion mask is used by photoresist, and there was a problem that formation 
of complicated form, such as aspbericai surface shape, was difficult. 

[001 IjThe factor which generally determines the size of the spot formed on an optica! disc has an 
aberration of a lens, and in order to suppress an aberration with a high NA lens, it is necessary to 
form the Sens shape designed with aspherical surface shape with sufficient precision. 
[0012]This invention was made in view of the above, and is The purpose is to provide an easy 

and inexpensive objective of high NA 

[0013] 

[Means for solving problemjln order to attain the above-mentioned purpose, [ the optica! element 
manufacturing method according to claim 1 ] The process of forming lens shape by irradiating with a 
predetermined light to the photoresist applied on the transparent base, The optical element by 
which the lens was formed in both sides of the aforementioned transparent base is produced by 
performing the process of transferring the lens shape concerned to the aforementioned transparent 
base by dry etching, to the upper surface of the aforementioned transparent base, and both sides at 
the bottom. 

[00 1 4] [ the optical element manufacturing method according to claim 2 ] In the optical element 
manufacturing method according to claim 1. the negative type photoresist concerned is exposed by 
the light irradiating which has predetermined luminous energy distribution from the field of the 
opposite side of the field which applied negative type photoresist to the aforementioned transparent 
base, and applied the aforementioned negative type photoresist, and a lens is formed. 
[001 5]In the optical element manufacturing method according to claim 1 or 2. the optical element 
manufacturing method according to claim 3 forms concave lens shape in both sides of the 
aforementioned transparent base, is filled up with the material of a refractive index which is different 
from the refractive index of the aforementioned transparent base into the concave lens shape 
portion concerned, and forms a lens. 

[001 6]in the optical element manufacturing method according to claim 1 , 2, or 3, the optical element 
manufacturing method according to claim 4 irradiated with the aforementioned predetermined light 
so that two or more lens shape might be formed on the aforementioned transparent base. 
[001 7]The optical element according to claim 5 was produced by the optica! element manufacturing 
method of any one description of the aforementioned Claims 1-4. 

[0018]The optical element according to claim 6 made the aforementioned transparent base the slide 
block in the optica! element according to claim 5. 

[0019]The optical element according to claim 7 installed the optical element produced separately in 
the optica! element according to claim 5 or 8. 

[0020]The optica! element according to claim 8 is characterized by the optica! element which 
installed [ aforementioned ] being a micro prism in the optica! element according to claim 7. 
[0021]The optical element according to claim 9 is characterized by the optica! element which 
installed [ aforementioned 3 being 1/4 wavelength piate in the optical element according to claim 7. 
[0022]The optical element according to claim 10 formed the thin film coil in the field of the 
aforementioned transparent base in the optical element of any one description of the Claims 5-9. 
[0023]The optical pickup device according to claim It applied the optica! element of any one 
description of the aforementioned Claims 5-10 to the optica! pickup device, and made the gap of the 
field by the side of the pickup of the aforementioned optica! element, and the recording layer of an 
information recording medium 1/4 or less [ of Sight source wavelength ]. 
[0024]That is, in this invention, first, photoresist (negative type) is applied to one field of a 
substrate, it exposes by the light irradiating which produced exposure value distribution from the 
rear-face side of a substrate suitably, a resist pattern is formed, and this resist pattern is 
transferred to a substrate by dry etching. To the next, a resist pattern is formed also in an opposite 
field and this resist pattern is transferred by dry etching. 
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[Q025]Producing the objective which comprises two lenses easily and simple according to this 
invention, if it puts in another way, that alignment can be performed with high precision and high 
NA-ization can be performed further easily. 
[0026] 

[Mode for carrying out the inventionjHereafter, an embodiment of the invention is described in 
detail, referring to Drawings. 

(Working example 1) The optical element of this invention is explained first. Drawing 1 is a sectional 
view of the optical element in this example, and dj^winj_2_is an explanatory view showing an 
example of the making process of the optical element in this example. As for a quartz glass 
substrate and 4, in a figure, the 1st lens and 2 are [ positive type photoresist and 8 ] high refraction 
materials negative type photoresist and 5 the 2nd Sens and 3 1 . 

[0027jA making process is explained. First, it prebakes by applying the negative type photoresist 4 
to one field of the quartz glass substrate 3. Next, with an exposure method which distribution 
produces in a light exposure, it irradiates with light from the side to which the negative type 
photoresist 4 is not applied, the quarts glass substrate 3 is penetrated, and the negative type 
photoresist 4 is exposed (refer to drawing. 2 (a)). 

[0028]Since the amount of resist residual membranes after development is controllable by a light 
exposure, it exposes so that the exposure value distribution corresponding to the form of the 1 st 
lens 1 may arise, and a resist pattern is formed on the quartz glass substrate 3 by developing 
negatives at the form of the 1 st. Sens 1 (refer to drawing 2 (b)). There are a method of using a 
photomask with distribution of an optical shade as the exposing method for making a light exposure 
producing distribution, a method of making it defocus intentionally using the mask which has 
distribution in the density of a minute dot pattern at the time of exposure, etc. 
[0029]Next dry etching of the quartz glass substrate 3 in which the resist pattern of the 1st lens 
shape 1 was formed was carried out, and the quartz glass substrate 3 was made to transfer a 
photoresist pattern (refer to drawing 2 (c)). In this example, ECR etching equipment was used as an 
etching system which performs dry etching. Using CF 4> etching gas added H 2 and 0 2 to this, and 

adjusted an etching rate and etch selectivity (a quartz glass etching rate / photoresist etching rate). 

[0Q30]When a selection ratio is set as about 1, a photoresist pattern is transferred by the quartz 
glass wafer in form and a size aimost as it is. When a selection ratio is made larger than t, 
magnifying transfer is carried out to a photoresist pattern- shaped height direction, and when a 
selection ratio is made smaller than 1, reduction transcription is carried out in a photoresist 
pattern -shaped height direction. 

[0031] It exposed by applying the positive type photoresist 5 to a field opposite to the field in which 
the 1 st lens 1 of the quartz glass substrate 3 was formed, next (refer to drawing 2 (d)). Then, 
exposure was performed from the side which applied the positive type photoresist 5 (refer to 
drawing 2 (e)X Exposure formed the concave resist pattern using a method which exposure value 
distribution produces similarly. 

[0032jAfter forming a concave resist pattern, dry etching was performed similarly, the concave was 
transferred to the quartz glass substrate 3 (refer to drawing 2 (f)), the high refraction material 6 was 
embedded, and the 2nd lens 2 was formed (refer to drawing 2 (g)). 

[0033 jThe negative type photoresist can generally thicken thickness comparatively, and there are 
many things excellent in the heat-resisting property, and it forms what has the comparatively high 
height of a lens in the 1st lens formation process ( drawing 2 (a) - drawing 2 (c)) formed using 
negative type photoresist. In this example, the lens pattern about 100 micrometers high was formed 
using THB-43QN made from JSR, Inc. 

[0034]On the other hand, since a crack of a resist pattern will occur with the heat under dry etching 
if thickness is thickened too much, a positive resist is not made not much thickly. However, it is 
sufficient thickness to form the 2nd lens 2 in the optical element of this example shown in drawing 
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[0035]Thus, by producing an optica! element with the manufacturing method explained by this 
example, the 1st lens 1 with a small radius of curvature whose diameter is larger than the 
conventional thing is producible. If it puts in another way, according to the manufacturing method 
explained by this example, it will become possible to produce the big lens of NA. Since the big iens 
of NA can make the spot size of a beam small, by using the optical element of this example as an 
objective of an optical pickup device, packing density is raised and mass record is attained, 
[0036]Since it becomes possible to use near field light by using the 2nd lens as a solid emersion 
lens, and making a gap with the recording layer of an optical disc approach 1/4 or less [ of light 
source wavelength ], a spot size can be further made small and high recording density-ization can 
be attained. 

[0037]In this example, the quartz glass substrate is used for the substrate which forms a lens. To 
the light source wavelength of the aligner which is transparent and is exposed by a photolitho step 
to the source wavelength of used light of the equipment applied, as long as the produced lens is 
transparent construction material, other construction material may be sufficient as it, Although it is 
not necessary to say, it is necessary including the kind of etching gas to change the conditions of 
dry etching according to construction material. 

[0Q38]In this example, although ECR etching equipment was used as a dry etching system, etching 
systems by other formulae, such as an IGP etching system, may be used. Although it is natural, 
since an etching rate differs from a selection ratio when a formula differs from equipment, it is 
necessary to change an etching condition. 

[0039]It can also be considered as the optical element which stuck another lens on the optical 
element shown in drawing I . Drawing 3 is the sectional view of an optical element on which the 3rd 
lens 10 using another quartz glass substrate to the optical element of drawing 1 was stuck. Although 
explanation of a detailed optical system is omitted, the iens of further high NA Is realizable by having 
composition which was illustrated. 

[0040]The 3rd lens 10 is also producible at the same process as the 1 st lens 1 . About lamination, 
when forming lens shape to each quartz glass substrate 3, an alignment mark is also built, and it 
carries out by carrying out alignment by this alignment mark. Since the portion to which it pokes 
mutually and hits can also be formed with sufficient height accuracy by a iens formation process, it 
can paste together with high precision also about a lens gap. Other adhesives may be used although 
ultraviolet curing type resin is used for lamination. Lamination may improve the productivity which 
pasted two or more lenses together collectively by the wafer process, and includes cost, although it 
can perform one at a time of course. 

L0041](Working example 2) The 2nd working example of this invention is described. Drawing 4 is a 
sectional view of the optical element of this Invention, and drawing 5 is a figure showing a making 
process. 11 is the 1st lens and 12 is the 2nd lens. 

[0042]A making process is explained. First, it prebakes like the 1st working example by applying the 
negative type photoresist 4 to one field of the quartz glass substrate 3. Next, with an exposure 
method which distribution produces in a light exposure, it irradiates with light from the side to which 
the negative type photoresist 4 is not applied, the quartz glass substrate 3 is penetrated, and the 
negative type photoresist 4 is exposed (refer to drawing 5 (a)). 

[0043]Under the present circumstances, it exposes so that the exposure value distribution 
corresponding to concave shape may arise unlike the form shown in the 1st working example, and a 
resist pattern is formed on the quartz glass substrate 3 by developing negatives at concave shape 
(refer to drawing 5 ( b))- The exposing method which distribution produces in a light exposure can be 
performed by the method shown in the 1st working example. Dry etching of the quartz glass 
substrate 3 in which the resist pattern of concave shape was formed is carried out like the 1 st 
working example, and the quartz glass substrate 3 is made to transfer a photoresist pattern ( draw ing 
5(c)). 
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[Q044]2nd lens shape formation is performed like the 1st working example (refer to drawing 5 (d) - 
drawing 5 (f)j. The optic of the structure which embedded the high refraction material 8 in the 
crevice of the 1st lens and the crevice of the 2nd Sens, respectively, and was finally shown in 
drawing 4 is produced (refer to drawing 5 (g)). At the 1st iens process formed using negative type 
photoresist like the 1st working example, what has the comparatively high height of a lens is formed. 

[0045]Thus, by producing an optical element with the manufacturing method explained by this 
example, the 1st lens with small inside ********** that is a diameter and as for which size comes is 
producible from before. That is, a lens with big NA is producible with the manufacturing method of 
the working example 2. 

[0046]When the structure of the optical element of this example is seen, it turns out that it is 
possible to consider it as the optical element of a para!iei plate-shaped structure. Therefore, it can 
perform easily carrying other optical elements on an optical element. Drawing 6 and drawing 7 are 
the explanatory views showing the example which carries other optical elements in the optical 
element of the working example 2. As for 7, a micro prism and 9 are 1/4 wavelength plates an 
optica! disc and 8 here. 

[0047]The micro prism 8 is carried in the optical element of the working example 2, and drawing 6 
unites with it, as mentioned above. If 90 degrees of light paths can be deflected and such a 
compound light study element is used for an optical pickup device by having carried the micro prism 
8, slimming down of equipment can be attained. 

[0Q48]The 1/4 wavelength plate 9 is carried in the optical element of the working example 2, and 
drawing 7 unites with it, as mentioned above. The 1/4 wavelength plate 9 has the characteristics 
that the incident light of linearly polarized light is changed into circular polarized light, when the 
optical axis direction of the crystal shall be 45 degrees to the plane of polarization of the incident 
light of linearly polarized light. Incidence of circular polarized Sight will have characteristics changed 
into linearly polarized light. 

[0049] If change the incident light of linearly polarized light Into circular polarized light with the 1/4 
wavelength plate 9, it is made to reflect with the optica! disc 7 and a reflected light penetrates the 
1/4 wavelength plate 9 as shown in drawing 7 , it wiii be again changed into linearly polarized light, 
but 90 degrees of planes of polarization are changeable by incident light and a reflected tight at this 
time. By the general optical pickup, the light path is deflected using this by using 1/4 wavelength 
plate, a polarization beam splitter, a polarizing hologram, etc. As shown in drawing 7, it becomes 
possible to attain the small weight saving of equipment by using for an optical pickup device the 
optical element which carried the 1 /4 wavelength plate 9, and was unified. It is good also as 
composition which carries both the micro prism 8 and the 1/4 wavelength plate 9. 
[0050](Working example 3) The 3rd working example of this invention is described. Drawing 8 is a 
sectional view of the optical element which is the 3rd working example. The form of the slide block 
is also formed in the quartz glass substrate 14. Since the process of forming the form of a slide 
block in the quartz glass substrate 14 can be simultaneously performed at the process of forming 
the concave shape of the 2nd lens (portion with which the high-refractive-index raw material 12 
was filled up), it does not newly need to add a process and can suppress the rise of cost. 
[0051] As the working example 1 described, since the optical pickup which used the 2nd lens as the 
solid emersion lens, and used near field light can make a spot size ven/ small, it is dramatically 
effective in formation of an optical recording density. However, the 2nd iens must be made to 
approach near the pole of the recording layer of an optical disc (not shown). 

L0052]Here. the slide block can apply the principle of an air bearing and can be close surfaced very 
much to the disk surface rotated at high speed. Therefore, it is possible by carrying a solid emersion 
lens in a slide block to arrange an optical pickup near the pole of an optical disc. Since the objective 
for optical pickups which carried out the lens and the slide block with one is easily producible if the 
structure explained by this example is adopted, it becomes possible to produce a mass optical 
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pickup device inexpensive. 

[0G53](Working example 4) The 4th working example of this invention is described. Drawing 9 is a 
sectional view of the optic which is the 4th working example. 2 sets of lens groups which made the 
group the 1 st lens I and 2nd lens 2 are formed to the same quartz glass substrate 3. Since the 
optical element of the structure shown in the figure is producible by the completely same method as 
the manufacturing method explained in working example 1, the explanation is omitted here. 
[0054]In the working example 4, by having composition with two pickup light study systems, it 
becomes possible to form two spots on an optical disc, and record/ regeneration can be performed 
simultaneously at. two places- This means that, record and a refresh rate can be raised. Although two 
places and record or both places are good also as regeneration, it may reproduce at one of the two, 
and, on the other hand, may record. 

[0055]Aithough .drawing^ showed signs that 2 sets of lens groups were formed, a lens group may be 
a number not only two but beyond this. Since it is also possible to form slider shape in the quartz 
glass substrate 3 shown in drawing 9 as the working example 3 explained, that by which two or more 
sets of lens groups were formed in the same slide block is also easily producible. 
[0056](Working example 5) The 5th working example of this invention is described. Pxawing__10_is a 
sectional view of the optical element which is the 5th working example. In a figure, the code 1 5 is a 
thin film magnet coil. The thin film magnet coii 15 is formed in the quartz glass substrate 3 which 
forms the 1st lens according to thin-film -forming processes, such as sputtering and vacuum 
evaporation, a photolithography process, and an etching process. These processes can also be 
performed by a wafer process. By considering it as the structure of such an optical element, the 
optica! element shown in drawing 10 can be used as an objective for magneto-optical recording. 
[0057] 

[Effect of the InventionjAs explained above, according to this invention, first, photoresist (negative 
type) is applied to one field of a substrate, it exposes from the rear-face side of a substrate, a 
resist pattern is formed, and this resist pattern is transferred to a substrate by dry etching. To the 
next, a resist pattern is formed also in an opposite field and this resist pattern is transferred by dry 
etching. Manufacture becomes possible [ providing the easy and inexpensive objective (optical 
element) of high NA ] by passing through such a process. 

[0058]Since it produces by a wafer process, optical element production can be carried out by low 
cost It is possible to realize the optical pickup device which can write a very mass recording 
medium with constituting an optical pickup device using the optical element of this invention. 



[Translation done.] 
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